Abstract: Deforestation and forest degradation (D&D) in the tropics have continued unabated and are posing serious threats to forests and the livelihoods of those who depend on forests and forest resources. Smallholder farmers are often implicated in scientific literature and policy documents as important agents of D&D. However, there is scanty information on why smallholders exploit forests and what the key drivers are. We employed behavioral sciences approaches that capture contextual factors, attitudinal factors, and routine practices that shape decisions by smallholder farmers. Data was collected using household surveys and focus group discussions in two case study forests-Menagesha Suba Forest in Ethiopia and Maasai Mau Forest in Kenya. Our findings indicate that factors that forced farmers to engage in D&D were largely contextual, i.e., sociodemographic, production factors constraint, as well as policies and governance issues with some influences of routine practices such as wood extraction for fuelwood and construction. Those factors can be broadly aggregated as necessity-driven, market-driven, and governance-driven. In the forests studied, D&D are largely due to necessity needs and governance challenges. Though most factors are intrinsic to smallholders' context, the extent and impact on D&D were largely aggravated by factors outside the forest landscape. Therefore, policy efforts to reduce D&D should carefully scrutinize the context, the factors, and the associated enablers to reduce forest losses under varying socioeconomic, biophysical, and resource governance conditions.
Introduction
Forests provide multiple ecosystem services spanning from local livelihoods and socioeconomic development related goods and services such as food, wood, and water to the global ecological and economic services, such as ecosystem functioning, biological diversity, carbon dynamics, and climate. However, deforestation and forest degradation (D&D) are causing a significant reduction in the provisioning of valuable ecosystem goods and services from forests in developing countries [1] in the tropics currently poses the greatest threat to the forest ecosystem and the goods and services they provide. On the other hand, efforts to save forests have attracted enormous international attention. The United Nations Millennium Development Goals [2] and the United Nations Framework Convention on Climate Change-UNFCCC-have emphasized forest conservation as part of achieving sustainable development. These efforts have been reinforced through new global development agendas such as the Sustainable Development Goals (Goal 15) and the Aichi targets [3] .
A global policy for reducing emissions from deforestation, forest degradation, and other forest management activities (REDD+) is designed to mitigate climate change and achieve sustainable development through forestry activities [4] . REDD+ was formally recognized as part of the UNFCCC climate regimes in 2007 during the UNFCCC 13th Conference of Parties (COP). It is drawn from scientific evidence that shows deforestation causes 17-20% of global greenhouse gases (GHG) emissions [5, 6] . Reducing deforestation could cost-effectively support sustainable forest conservation and mitigate climate change [7, 8] . To enhance the effectiveness of such new policies, the 2012 Earth Summit emphasized the need for transformative policies to enhance effectiveness of such emerging schemes [9] .
Transformative policies require a systemic understanding of the context of deforestation in order to identify strategic interventions [10] . Therefore, to effectively address deforestation through REDD+, it is important to identify key drivers of deforestation and forest degradation. In developing countries, deforestation and forest degradation debates attribute forest losses to the interactions between multiple factors on livelihoods and development. These debates have informed the focus of REDD+ in these countries where most tropical forests support livelihoods of resource poor communities and development initiatives [1, 5, 11] . According to the UN-REDD framework [12] , half of deforestation in tropical areas is caused by livelihood activities such as shifting cultivation by resource poor communities and smallholders. Africa is home to the largest proportion of forest dependent subsistence smallholder farmers in the world [13] . Hashmiu [14] in Ghana and Dzingirai [15] in Zimbabwe claim that smallholder-driven deforestation is responsible for hunger and poverty in targeted areas and thus reducing deforestation and new forestry schemes will help alleviate poverty and boost food security. Some studies, however, acknowledge that the D&D in smallholder context is complex yet sometimes oversimplified to livelihood needs. These studies highlight that broader factors, e.g., illegal logging and externally driven markets [16] , nest into the peasantry-deforestation nexus [1] . Poor understanding of this complex interaction may only continue to put more blame on these communities while ignoring the fundamental drivers to D&D that ought to be addressed.
To date, most assessments of D&D ignored the behavioral aspects that play a critical role in how farmers make the decisions to engage in D&D and what factors drive this behavior. Drawing on two case studies in eastern Africa, we explored the contextual as well as attitudinal and habit factors driving D&D by smallholder forest dependent communities. Emphasis was placed on identifying the typologies of factors that drive smallholders to D&D from an environmental behavior point of view. Lastly, we suggest selected strategies for minimizing D&D within the context of the smallholder farmers.
Conceptual Framing to Explain D&D as an Environmental Behavior
To contextualize smallholder-driven D&D, we used the attribution theory. It was originally designed in social psychology to explain how and why people form an opinion or perception about a particular event, resource or observation [17] . The theory helps in judging human understanding, decision-making, and actions. A particular action can be judged on whether a behavior was caused by internal or external reasons, i.e., by the actor or by something outside the actor [18] . In explaining D&D, the attribution theory will form the basis for explaining the events, processes, or decisions to which the smallholder-related D&D problems could be attributed. Accordingly, for instance, smallholder-driven D&D could be caused by livelihood needs but could also be a result of external pressures such as land deprivation or markets for forest products. Both external and internal pressures affect the welfare of the actors concerned [19] .
Steg and Vlek [20] state that environmental behavior is driven by any or combination of three key factors: motivational factors (i.e., perceived costs and benefits, moral, and normative concerns and affect), contextual factors, and habitual behavior. Stern [21] gives a more elaborate view of this by identifying four causal variables for a given environmental behavior: attitudinal factors; contextual forces; personal capabilities; and habit or routine behaviors (Figure 1 ). Within the framing of the current study, we considered personal capacity as not seriously important, since every household depends on forest products irrespective of their capacity. Livelihood is a key part of the contextual factors driving D&D. Steg and Vlek [20] state that environmental behavior is driven by any or combination of three key factors: motivational factors (i.e. perceived costs and benefits, moral, and normative concerns and affect), contextual factors, and habitual behavior. Stern [21] gives a more elaborate view of this by identifying four causal variables for a given environmental behavior: attitudinal factors; contextual forces; personal capabilities; and habit or routine behaviors (Figure 1 ). Within the framing of the current study, we considered personal capacity as not seriously important, since every household depends on forest products irrespective of their capacity. Livelihood is a key part of the contextual factors driving D&D. To achieve pro-environmental behavior, Steg and Vlek [20] proposed two key strategies that target the factors that influence environmental behaviors. (1) Informational strategies that focus on changing the perceptions, norms, motivations and knowledge and (2) structural strategies that target changing the context in which decisions about a given environmental behaviour are made. This study looks through these two lenses to identify what could possibly help to minimize factors aggravating D&D.
Materials and Methods

Research Approach
We adopted the case study research approach [22, 23] , to get detailed insights into D&D. The approach helps in integrating new insights into already existing body of knowledge, and particularly improves on existing studies that have tackled drivers of D&D from broader scales, i.e., national, regional, or biome (global) levels [24] [25] [26] . Such broadly framed investigations may not capture the contextual heterogeneity within which D&D occur at local levels. Besides, in different contexts the drivers of D&D often vary on a case-by-case basis. Thus, there is need to look at the drivers in a context specific lens. Our study is mainly concerned with factors driving D&D in the smallholders' context and this can adequately be informed by contextual case study investigations.
Case Study Forests
We selected two forests-Menagesha Suba Forest (MSF) in Ethiopia and the Maasai Mau Forest (MMF) in Kenya (Figure 2 ). The two forests were selected because both have been severely affected Deforestation and forest degradation as an environmentally significant behavior
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Materials and Methods
Research Approach
Case Study Forests
We selected two forests-Menagesha Suba Forest (MSF) in Ethiopia and the Maasai Mau Forest (MMF) in Kenya ( Figure 2 ). The two forests were selected because both have been severely affected by D&D in the last few decades and thus may help to understand the underlying factors that drive D&D at local levels. MSF is located about 30 km west of Addis Ababa-the capital city of Ethiopia-and is also surrounded by three fast growing towns (Sebetta, Holetta, and Menagesha). The forest area decreased from 9557 ha in the 1980s to 3530 ha by 2006 [27] , shrinking by~63%. MMF is located in Narok County, Kenya,~150 km from Nairobi, the capital city of Kenya. It is one of the forest blocs that make up the Mau Forest Complex, the biggest remaining natural forest in Kenya spanning over 400,000ha [28] . The MMF block experienced a significant decline in forest area: from 46,278 ha in 1973 to~41,574 ha in 2005 [28] . 
Data Sources and Analysis
We conducted household survey consisting of questionnaires on how smallholders perceive the forest in terms of its value, what their activities are, and which factors lead them to D&D, why there are several cases of illegal exploitations and what the root causes to the problems are. The survey in Menagesha Suba area covered 397 households in and outside the forest margin, while in Maasai Mau 100 households were interviewed. In addition, for an in-depth probing of issues relating to the forest management and community interactions, we conducted six focus group discussions-one in Menagesha Suba with 12 participants and five in Maasai Mau. The forest management officers in MSF and Kenya Forest Service guards in MMF were interviewed to explore their views and 
We conducted household survey consisting of questionnaires on how smallholders perceive the forest in terms of its value, what their activities are, and which factors lead them to D&D, why there are several cases of illegal exploitations and what the root causes to the problems are. The survey in Menagesha Suba area covered 397 households in and outside the forest margin, while in Maasai Mau 100 households were interviewed. In addition, for an in-depth probing of issues relating to the forest management and community interactions, we conducted six focus group discussions-one in Menagesha Suba with 12 participants and five in Maasai Mau. The forest management officers in MSF and Kenya Forest Service guards in MMF were interviewed to explore their views and perceptions about the local community. Spatial and biophysical data on forest dynamics and policy-related issues were collected through literature review of both published and unpublished documents.
Data and information on socioeconomic, demographic, policies and governance, agricultural and forest related interventions, and other production factors as well as household and community collective behaviors were collected. Different sources of information helped to triangulate the results of the survey, and also to understand the complex network of drivers that operate both from within and outside the landscape. Descriptive statistics was used as the main data analysis method.
Results
Factors Driving D&D in Menagesha Suba Forest (MSF), Ethiopia
In MSF, contextual factors dominated as the main forces behind D&D. There are also some attitudinal and habit related factors that played a role in forest destruction. Most of these forces are necessity-and market-driven by nature, though there is also some influence from governance related matters.
Contextual Factors Driving D&D in MSF, Ethiopia
Three major categories of factors affecting forest cover in MSF were identified: (1) sociodemographic factors; (2) production factor constraints; and (3) policies and resources governance issues. These factors operate at different paces, in different combinations and in different conditions even within a specific location.
Sociodemographic factors: Among the key sociodemographic factors affecting D&D was the rising demand for forest products due to increasing population in the rural, urban, and peri-urban communities. The population in close by towns such as Holetta and Sebeta increased by 29% and 203%, respectively, between 2005 and 2015. In the same period, the population in Addis Aababa increased by~13%. The population in Addis Ababa city increased by almost 2% every year between 2014 and 2017. Projections done by Central Statistical Authority (CSA) indicate that the population in Sebeta and Holetta are likely to increase by~5% annually between 2014 and 2017 [29] . The observed increase is attributed to the rising population of the resident communities and the migration from other regions to urban and peri-urban areas adjacent to the forest. For instance, Feyissa et al. [30] reported a significant expansion of settlement area by~122%-from 4752 ha in 1984 to 10,563 ha in 2006 within the Holetta watershed, which comprises MSF. Most of these increased residential areas still rely on wood for construction and energy, most of which is supplied by MSF.
The increasing wood demand was also exacerbated by the limited access to alternative energy materials (e.g., electricity, solar panels, etc.) and alternative nonwood construction materials (e.g., steel, concretes, etc.). These limitations force the communities in the landscape to largely rely on surrounding forests both for energy and construction. Our survey results showed that 61% of the rural households rely on the forest as the main source of wood and other forest products. For instance, over 99% of the 16,545 rural housing units standing in 2007 in Welmera district, where Menagesha forest is located, was built of wood [31] . Duguma and Hager [32] estimated that at least 39% of wood required for constructing rural housing units originated from natural forests. Computation from the national census data [31] also revealed that 99% and 27% of the households in the district rely on fuelwood and charcoal as main cooking energy, respectively. Dependence on multiple energy sources are common due to insufficient supply potential.
The urban and peri-urban areas are also experiencing a significant boom in residential and commercial buildings largely influenced by the increasing population in the areas. For instance, Sebetta town experienced a greater than 300% increase in housing unit construction, most of which were wooden wall and thus demanding wood from forests and or woodlots. Sharp increases were also observed in Addis Ababa and Holetta (Table 1 ). The expansion of urban and peri-urban areas to date is not proportional with the infrastructural demands of the increasing population and hence increasing the pressure on forests for extracting construction wood and fuelwood. This agrees well with other studies such as DeFries et al. [33] who elaborated on similar impacts of urbanization. Demands from the growing nearby urban and peri-urban areas usually increase wood products marketing opportunity and hence motivating local communities to engage in extracting wood from forests for sell. We found that 41% of the studied households collect and sell at least one forest product. Fuelwood and charcoal were the most commonly extracted and marketed wood products with approximately a third of the households engaged fuelwood collection and charcoal making. Duguma et al. [27] also reported that about 23 m 3 of charcoal goes to close-by towns every market day recurring twice every week. Only 9% of the studied households were engaged in extracting and marketing of timber and construction wood. Documentation from the forest management office indicate that between 2001 and 2004, close to 1280 sacks of charcoal and 951 planks and poles of indigenous trees extracted from MSF were confiscated by forest guards. During the same period, around 286 people were arrested while transporting charcoal produced in the forest. Thus, the market opportunity created by the surrounding urban and peri-urban communities played a detrimental role since such illegal extraction is often unregulated.
Production factors constraints: Shortage of land for agriculture and settlements and poor land productivity are two major production factors at play in relation to D&D. The land shortage was caused by rapid population growth in the area due to increasing number of new families from the youth population and new settlers coming to the area. Farmers in the area confirmed that per household land holding is declining, e.g., their grandfathers had~0.68 ha more land than the respondents' fathers. The only mitigation strategy farmers adopted for the land shortage was to clear the forests close to the boundary. Furthermore, the poor productivity of agricultural lands due to declining soil fertility drives smallholders to venture into the forests as new farmlands or for alternative sources of livelihoods. Fifty-six per cent (56%) of the respondents indicated that poor soil fertility constrains the production of enough food for the family. As Dercon et al. [34] indicated, such farmers can hardly afford inputs such as inorganic fertilizers to enrich their soils. Locally available alternatives such as compost were constrained by competing uses of crop residues for cooking and heating [35] .
Policies and resource governance factors: The current state of MSF has largely been shaped by history that spans centuries back. Along the (political) power transitions in the country, MSF was subjected to several policies that also influenced how local communities benefited from it. Historical accounts suggest that MSF used to be an intact natural forest till the century but the large part was clear-cut and replanted with Juniperus procera. After the century, imperial regulations helped to protect the forest. In 1900, the then administration deployed guards to protect the forest. Until 1954, MSF was logged intensively. After the 1950s, the forest was put under a full protection scheme with no logging. In 1984, the first official demarcation of the forest boundary, by the socialist Derg 1 regime resulted in 1 Derg stands for the communist military regime that ruled Ethiopia from 1974 to 1991. the eviction of hundreds of households from the forest-demarcated zone. Approximately 67% of the 381 households we interviewed were relocated to close by areas outside the forest. The relocation was done without (1) consultation and prior consent, (2) due consideration of the farmers' needs, and (3) considering the implications of the eviction on the lives of the farmers. Relocation intensified illegal exploitation of the forest.
With the changing forest management approaches, the community was left out and began claiming the right to use the forest through all possible means, though no legitimate response was given to their queries. Such forest management regime, which gave no attention to the needs of local communities, pushed some of the surrounding communities to have negative impressions about the forest management officers. An expression of one of the evicted farmers captures the reality very well.
"Where shall we go? What do we have left? Our animals have nothing to graze on and we have nothing to eat. Our land is planted with trees. Here, we are left on a rocky slope without soil and grass for the livestock." A respondent's opinion (Translated from Afan Oromo language).
Besides the eviction, the use rights of the local communities to the forest were also restricted. For instance, fuelwood, construction materials and grazing were permitted before the socialist regime demarcated the forest area. The demarcation effectively restricted smallholders from accessing most forest goods and services. While farmers could access certain forest products by seeking permission from forest management offices, this was complicated by bureaucratic procedures. Fuelwood collection is only permitted for women and children under strict regulation that they should not use axe in the forest. Anyone bypassing these regulations was arrested and prosecuted. To the local community, such intense use right restriction was seen as unnecessary and unwelcoming. The exclusion of the local communities' use rights has extended to the present day, which created strong sense of hostility between surrounding communities and government forest services.
Attitudinal and Habit Factors
Approximately 90% of the interviewed people appreciate the importance and the existence of the forest and expressed their desire to conserve it. However, we noted that 10% of the respondents did not appreciate the existence of the forest because they lost their land or were evicted from their land due to forest area demarcation. None of the farmers were sufficiently compensated when they were relocated. They felt neglected by the respective governments to compensate them for property lost due to the eviction.
The relocation created negative views and drove farmers to illegally and exploitatively extract forest products at any possible opportunity. Indeed, the process degenerated into intense conflicts and court proceedings. The intensity of this problem was what led the government to assign a specific lawyer as a resident staff for the MSF. The following quote taken from the interview we did with the lawyer also highlights the extent of the problem clearly.
"Almost every day, we deal with somebody charged with illegal exploitation of the forest. Even those who were convicted in court due to their wrong doings, after finishing their jail term, would come back and engage in illegal exploitation." A respondent's opinion (Translated from Amharic language).
Besides the factors discussed earlier, such forest governance schemes that marginalize the local communities through chain of management processes have played a crucial role in exacerbating the D&D problems.
The confrontation between the local communities and the MSF management continued to escalate due to the routine fuelwood and construction wood extraction by residents from the forests. The communities were doing this for centuries and only had limited options of sourcing such materials since they relied on the forest for generations. The MSF management tried to embrace this need by allowing women and children to collect fuelwood from the forest after getting permission from the forest guards. Besides, the community did not even understand why the restriction was imposed in a forest which they used to freely access and even participate in its management.
Factors Driving D&D in Maasai Mau Forest (MMF), Kenya
MMF is influenced by multiple factors that altogether led to severe decline in forest cover. In MMF, the most important factors are related to contextual factors particularly governance failures. Necessity-driven attributes are also present but not as a major factor.
Contextual Factors Driving D&D in MMF, Kenya
Four factors were identified as underlying drivers of forest loss: irregular and unclear land allocation practices (group ranches expansion); market forces (demand for timber, charcoal, and other non-timber forest products); subsistence needs (creation of new farms, fuelwood collection, and non-timber forest products gathering generally for livelihoods); and weak policy instruments.
Irregular and unclear land allocation practices: The expansion of group ranches in MMF area is the major factor for the loss of~14,103 ha forest [28] which is close to 44% of forest loss in the area between 1973 and 2005. The ranches have expanded beyond their officially designated (registered) areas into the forest and areas surrounding the forest. In principle, Maasai Mau is a trust land (a land which is owned by the community for communal uses) [36] . However, despite being a trust land, several people claimed to have legal title deeds to parcels in the areas designated as forest, thereby reinforcing restrictions on access and utility by members of the community. According to the Kenyan law, once a piece of land is issued a title deed it is no more a trust land but privately owned. According to Kenya's National Environment Management Authority [37] , individually owned parcels within the MMF were illegally allocated. Yet to date, settlements on trust land within the MMF cover~23,301 ha [37] with various communal sections such as group ranches being excised for the purposes of establishing settlement (unpublished thesis) against the initial plans and rights of the forest/local/indigenous people.
Sociodemographic pressures: Several sociodemographic factors are at play in the MMF area, which can be summarized as (1) clearing forests for farmland expansion (subsistence needs), (2) demand for forest products with the rising rural population, (3) the market factor that arises due to increasing demand from urban and peri-urban areas (e.g., charcoal production and logging of indigenous trees). These demographic pressures coupled with other shocks such as poverty, climate change drives over-dependence and subsequent overexploitation of forests for livelihoods and income. For instance, with the growing human population (due to the new settlements) in Maasai Mau area the importance of forests for the livelihood of the local communities is strongly increasing. For instance, the population of Narok County is now four-fold of its 1970s size according to population figures for 2009 [38, 39] . In Bomet, a County adjacent to MMF, the 2009 population size was 3.6 times that of 1970s. According to the Kenyan government [40] , 99 and 75% of the households in Narok and Bomet counties, respectively, rely on fuelwood while the use of electricity is limited to approximately 15 and 7.7% of the households, respectively. With intense population growth and strong reliance on forest products for energy, the market for forest products is expected to be very high. Such rapid population growth around MMF may result in forest encroachment for settlements as well as for market as it may increase demand for land for food production, firewood for domestic energy use, and or construction materials such as poles and grasses, which often are harvested from forests. Smallholders around MMF acknowledge the importance of the forest for their livelihood. We found that 60% of the households rated forest goods and services as important for their daily livelihood. These benefits included water source (93%), building material (88%), habitat for wildlife (82%), and grazing (78%). Other benefits from the forest include source for fuelwood (74%), charcoal (68%), herbal medicines (66%), tourism (65%), farming area (64%), and forage for livestock (63%). Charcoal and firewood serve as sources of energy for~99% of the rural population. We found that the demand for these products was higher during dry seasons revealing the importance of the forest in coping to potential changes in environmental conditions. Narok and Bomet towns, which are vastly expanding in recent years, have become the main demand sources for charcoal and other non-timber forest products originating from this forest.
Institutional failures: Institutional failure has played a major role in fueling and complementing D&D drivers in MMF. The MMF has gone through various management strategies, most of which have fueled internal and external D&D in the forest. Initial forest management approaches such as shifting cultivation in the 1970s and the Shamba system in the 1980s were gradually abolished. Both shifting cultivation and the Shamba system aimed to integrate subsistence farmers into forest management by allowing them to cultivate crops in the forests and plant and care for the trees before moving to other forest sections [41] . In the context of a rising population, the postcolonial authorities, especially in the land sector used peasantry agriculture as spaces for politically driven allocation of forest lands. The authorities allocated gazetted forests as part of settling landless peasants [42] . In the era of multiparty democracy in Kenya and associated competitive electoral politics, resettlements in forest areas were executed mainly as part of gaining electoral advantage. Sections of MMF were also allocated to loyal political and private sector actors for commercial agriculture such as tea plantations [42] . Additionally, corrupt practices among the forestry and local governments extended official resettlement boundaries allocating, to themselves, extra forest areas [42] . As a result, in the period between 1972 and 1990 Kenya recorded the highest natural forest losses [43] .
Despite the proliferation of illegal logging from outside forces, rehabilitation policies have often targeted smallholders. The policies emphasized eviction of illegal settlers and taking back land possessed illegally by the ranches. Thousands of smallholders were moved out of the forest. Despite the eviction threats, the community expressed their enthusiasm in forest conservation activities as any forest destruction leads to the decline in the provisioning of these goods and services, which they needed daily.
In recent times, however, emerging forest decentralization policies such as participatory forest management [44] are expected to empower smallholders to sustainably utilize forests but even so, the external pressures emanating from illegal logging remain unresolved. The Kenya Forest Act of 2005 particularly legalizes community forest associations as a mode of governance within which local communities can participate and benefit from integrated forest management initiatives [45, 46] .
Attitudinal and Habit Factors Driving D&D in MMF, Kenya
Attitudinal factors driving D&D in MMF have been mostly governance-driven. Indeed, MMF is located in one of the major water towers of Kenya. With the emphasis put on water towers in Kenya, the government wants to make sure that the forest is managed properly. Therefore, this triggered contested rights of use and contested ownership issues. The mass eviction that happened in MMF is largely due to the strong recognition of the importance of the water tower and the fact that forest managers think community interference with the forest affects forest management. However, for the local communities, it is their home that their forefathers and children lived in for centuries. Besides, MMF was the main source of fuelwood, construction wood, non-timber forest products, grazing lands, etc. No other sources of these materials exist in the area. Charcoal marketing was among the key factors that affected the forest. This is largely driven by the needs arising from urban and peri-urban communities residing close to the forest.
Discussion
Key Aspects of Factors Behind Smallholder-Driven D&D
Angelson [47] argued that efforts to address the cause of deforestation were jumping between two main approaches: the population approach, which includes increasing food and energy needs and the market approaches, which include the growing global demand for commodity crops. Both play crucial roles in aggravating the extent of deforestation. Smallholder farmers are part of both approaches since they often face food and energy supply challenges and also the major producers of most commodity crops. Hence, smallholder farmers are the key stakeholders that need to be at the core of the discourse around the solutions to deforestation. Therefore, understanding smallholders' behaviour in their contexts [48] forms the core of the search for solutions to deforestation and forest degradation. In trying to understand the behavioral aspects of smallholder-driven D&D, supported by two case studies, three broad categories of factors were identified-these are contextual, attitudinal, and habit or routine activities. In the two case study areas, we found that contextual factors are most crucial factors leading to D&D. Hence, the discussion largely focuses on this set of factors which are further subdivided into necessity driven, market driven, policy and governance failure related. In MSF, Ethiopia, most of the underlying D&D forces are necessity-and market driven by nature, while in MMF, Kenya, they are mostly policy-and governance-driven. In both case studies, farmers showed interest to conserve forests and are not depleting it intentionally, since they know forests are key sources of wood for energy and construction materials.
The first and the most relevant of the contextual factors is the D&D driven by necessity or subsistence needs, e.g., clearance of land for agriculture and cutting trees for wood for energy and construction. Similar findings were also reported in Ghana whereby subsistence needs drive D&D [49] . Angelsen [47] emphasized subsistence needs influenced by population growth as one of the key drivers of deforestation. Clearing of forest lands to gain more agricultural area emanated from the need to produce more to feed their growing families and also supply food to the market. Further, the perception that land clearing secures long-term claims to the land may lead to excessive forest clearance, often much larger than needed for cultivation. This is very much in line with Angelsen [47] who argued that clearing forest lands to increase land area possession is an investment decision and the drivers of such decisions have to be scrutinized carefully. The main reason why farmers overexploit forests is the absence of alternative sources of wood for energy and construction materials and the continuing land degradation affecting the food production potential. Such necessity-driven forest exploitation is rather easy to spot but complex to address as any measure to fulfil such needs should provide alternatives to the scarce wood source.
The second category of factors driving D&D is market forces, i.e., increasing demands created from urban and peri-urban areas for charcoal wood, fuelwood, and construction wood. Leblois et al. [50] found out that agricultural trade is among the main factors aggravating deforestation in developing countries. D&D attributed to market forces is not as straightforward to detect as the necessity-driven forces. For example, illegal timber and charcoal wood exploitation in both case studies result from the activities of close by farmers and illegal loggers from outside the forest landscape. The culprits of such activities often operate invisibly, hence posing serious challenges to address D&D. They view the forest as an income generating opportunity and exploit it unsustainably to maximize revenues. Within the market forces, an emerging factor is the growing wood-based enterprises which are producing wooden furniture to sell to the growing population in the urban and peri-urban areas. The demand being created through this channel is largely driven by the booming middle class who often prefer locally produced furniture for cost reasons. This creates illegal artisanal logging which supplies wood to the small-scale sawmills around MSF.
The third set of factors driving D&D include policy challenges and governance failure. D&D due to governance failure links with both the necessity-driven and market-driven factors. Evictions of local communities, irregular land allocations limiting forest use rights, poor engagement and weak consultation of local communities in decision concerning the resources use and management were among the key governance factors that exacerbated illegal exploitation of forests by local communities. Such factors undermine the sense of ownership of forest resources by famers. Sometimes, land titles are granted by simply clearing and capturing forest or savannah land in many tropical areas. Unfortunately, this kind of process legitimizes the destruction of forests. This calls for a proper land use plan to guide what kind of land or land cover can be used for what purpose. Unless there is a clear structure or process at the policy level to guide this, it is difficult to put an end to the problem. Equally important is also the need for able institutions and institutional frameworks that could enforce the provisions and restrictions in the policy with regards to how land should be used. The need for a critical look at resource governance schemes to harmonize the needs and interests of local communities and their ambition to conserve forests were emphasized widely in the literature [44, 51, 52] . Besides revising the governance policies, addressing such governance failures requires engaging institutions and actors (particularly smallholder farmers) who play major roles in managing the forest.
A closer look at the factors also shows that except the necessity-driven factors, D&D are largely aggravated by factors from outside the local area (Figure 3 ). This also calls for design of broader interventions to counter the problem than the current approach of emphasizing forest-agriculture transitions/frontiers only. For instance, looking only at the areas very close to the forests (Figure 3) , subsistence needs are strongly relevant, but the actions of the smallholders are not only driven by subsistence needs. It is influenced also by the demand for products from outside and by the weak resource governance schemes applicable currently. local communities and their ambition to conserve forests were emphasized widely in the literature [44, 51, 52] . Besides revising the governance policies, addressing such governance failures requires engaging institutions and actors (particularly smallholder farmers) who play major roles in managing the forest. A closer look at the factors also shows that except the necessity-driven factors, D&D are largely aggravated by factors from outside the local area (Figure 3 ). This also calls for design of broader interventions to counter the problem than the current approach of emphasizing forest-agriculture transitions/frontiers only. For instance, looking only at the areas very close to the forests (Figure 3) , subsistence needs are strongly relevant, but the actions of the smallholders are not only driven by subsistence needs. It is influenced also by the demand for products from outside and by the weak resource governance schemes applicable currently.
The Interdependence among the Key Factors and the Need for Systems Approach of Addressing Drivers
From the results of the case study forests assessed, it is clear that addressing the factors behind smallholder-driven D&D requires a much broader solutions framework that should rely on system's approach. This deviates quite significantly from the current efforts of dealing with D&D which often is concentrated in the deforestation frontiers only. The three categories of contextual factors are interdependent and there are intricate connections between them all, which cumulatively aggravates forest exploitation. It is therefore impossible to address smallholder-driven D&D without paying proper attention to each of the factors identified in this assessment. For instance, if there is no proper land use plan that guides how land is used in a given country, it is difficult to stop people from exploiting forests by converting it to farmlands to either feed their own families or sell it to the market to generate income. It is to be noted also that putting in place land use policy or plan alone may not solve the problem fully if there is no measure to cap or stabilize the growing urban and peri-urban population creating demand for wood products and food crops that are produced in rural areas. A long-term solution to the growing wood demand due to urbanization is to develop access to affordable, renewable energy sources to reduce the use of charcoal and firewood for cooking and 
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Way Forward: Towards a Response Strategy for Reducing Smallholder-Driven D&D
Among the principles for addressing environmentally destructive behavior is to look at the problem from the actors' perspectives and engage them in the search for solutions [21] . The case studies used here revealed that the search for solutions often was confined to repression, i.e., limiting the access and use rights of the smallholder farmers and sometimes ignoring them in the management of the forests. However, this did not help in alleviating the problem because factors aggravating the destructive behavior (i.e., D&D) were in some cases beyond the control of the local communities (see Figure 4) , e.g., pressure from urban and peri-urban population and lack of access to nonwood alternatives. There exist two principal strategies to address environmentally destructive behaviors such as D&D: structural strategies and informational strategies.
Potential structural strategies. Several structural strategies could be employed in forests under similar management regime of the two considered as case study sites. Table 2 lays out selected structural strategies that can be used to influence the existing context so that the extent and impacts of those factors aggravating D&D could be minimized. Informational strategies. Informational strategies represent the means of complementing structural strategies by addressing factors associated with attitudes, habits, and routine actions. This may involve training, awareness creation, creating mechanisms of exposure to efficient technologies through workshops, and consultation sessions and availing information that is required to change the way they do their routine activities that affect forests. Despite the injustices in the past, local communities should realize that the collective benefits of forests outweigh the benefits generated from cutting them down. Hence, they should be keen to safeguard the forests. When the level of awareness of benefits from forests increases, the sense of cooperation among the community to protect and reduce the extent of D&D particularly due to external forces could be improved. Rustagi et al. [55] found that groups that cooperate have higher quality of forest as compared to those marred with free-rider problems who often link up with the external forces invisibly damaging the forest. Informational strategies promote prosocial norms and behaviors that improve collective management of available resources as also argued by Rustagi et al. [55] .
Informational strategies should also be directed to other stakeholders such as forest managers who in the past underestimated the action of local communities. Forest managers need to understand that local communities can also be part of the solution and should be fully included in forest management. Local communities also have valuable indigenous/local/traditional knowledge that should be adopted and deployed for the common benefit of forest protection. This collective awareness and better understanding of stakeholders' range of interests and actions could lead to enhanced synergistic actions toward minimizing D&D in the context of smallholder farmers (see Hull et al. [56] ). With improved collaboration or cooperation among stakeholders (local communities, forest managers, local authorities, etc.), destructive behaviors and actions could be minimized as the weak links used by illegal loggers and other free riders might be exposed. With improved collaboration, communities increase monitoring frequency [55] thus helping to detect any illegal intrusions and exploitations. Those who benefit more from the resources should invest more time in monitoring the forest. Strengthening such intercommunity and inter-actors' networks improves collaboration and hence reduces illegal exploitation [57] .
Implementing both structural and informational strategies require addressing the key barriers for the promotion of positive environmental behaviors. As argued by Gardner and Stern [58] , the degree to which individuals or communities take pro-environmental actions depends on the nature of barriers to take the actions in terms of time and resources the actions require. Considering the state of capacity of the communities in the two case study forests, the need for incentives is crucial to enable communities take positive actions. Some of the barriers (e.g., related to policies and institutional issues) could be addressed by crafting rules and regulations and empowering local institutions that enforce the policy provisions. Overall, there is a need for relevant and effective incentives and disincentives that should be deployed at scale to promote positive actions.
This study used two case studies as the basis to highlight the need to address smallholder D&D as an environmental behavior and discuss the potential options. Further research is still needed to find the impact magnitudes of each of the factors and the extent to which changes in behavior could be achieved. Based on our assessment, we conclude that smallholder-driven D&D is the result of complex set of factors and actors that are either clearly notable or operating from the background. Hence, addressing smallholder-driven D&D requires taking into account the following measures.
• Strategies to address D&D should consider the interests and livelihood needs of the forest dependent people and the surrounding communities; • Dealing with D&D requires understanding the context, particularly the strong interconnections between socioeconomic attributes and forest resources management ambitions. This has to be at the core of intervention designs to promote forest management.
• Policy measures, responses, and interventions to address D&D should capture the complex set of actors rather than focusing only on the smallholder farmers; • Embrace a system's approach to capture the multisectoral and multiscale features of the factors aggravating smallholder-driven D&D could be more effective.
• Supporting communities to take positive actions to forest management requires addressing both structural barriers, i.e., capacity, resource limitations, etc. and policy barriers through designs of appropriate incentives and disincentives.
These options collectively or individually help modify or change behavior for the benefit of forests and the ecosystems services they provide and even achieve REDD+ objectives. 
